Bacterial plaque plays an important role in gingival inflammation and progression of periodontal breakdown to cause periodontitis. In the experimental gingivitis study of Löe et al. 1) , reversible recovery of gingival health was achieved by the removal of accumulated plaque, which further emphasized daily plaque control in the maintenance of periodontal health 2, 3) . 1) Toothbrushing has been known as a basic method for mechanical plaque removal and the efficacy is governed by three main factors, namely, the design of the brush, the skill of the individual using the brush and the frequency and duration of use 4) . The latter two might be improved by the in-structions of the oral hygienic care, however, majority of the people still do not fulfill the recommended time (2 minutes per session, 2 times per day) and appropriate methods of brushing 5) . Kleber et al. 6) found that subjects failed to brush nearly 40% of their tooth surfaces in the study of brushing time and pattern. Posterior regions rather than anterior or lingual and proximal than buccal sites are less cleansed and are more prone to development of periodontal disease.
Limited compliances with educational interventions of oral hygiene in general population led to the efforts to compensate for the human failings in the brushing skills and sonic power toothbrush is one of the challenges in designing the brush with best possible cleansing action regardless of the brushing technique. In this point of view, Sonicare Elite ® has its effect on plaque removal by the mechanical cleansing from direct contact and by the dynamic fluid activity from acoustic energy 7, 8) . Microelectronics within the brush handle utilizes solid-state electronics to produce magnetic field with a rapid oscillation movement which shows a frequency of 260Hz and 31,000 strokes per minute 9, 10) . It has specialized designs such as angulated head from the shaft and curved shape of the brush with longer bristles at both ends which makes it easier and more efficient to cleanse hard-to-reach sites like interproximal, lingual, and posterior areas 11) . In addition to a direct scrubbing action to remove the plaque, it also causes turbulent fluid, streaming, bubble activity and shear force around the tooth brush under the air or fluid environment [12] [13] [14] . Cavitation activities and hydrodynamics of the surrounding fluids have been suggested to generate fluid forces that lift and disperse plaque bacteria from dental surfaces about 3~4mm beyond the reach of the brush tips 12, 15) .
The clinical features of chronic periodontitis are gingival inflammation with the alterations in color and texture, bleeding on probing from gingival pocket, periodontal pocketing, clinical attachment level and loss of alveolar bone. Although these clinical parameters provide information on the severity of the periodontitis and are used as the gold standards in the diagnosis of the disease, there are limitations in measuring the activity or the progression 16) . Several efforts have been arisen to seek for the methods in monitoring and identifying patients at increased risks of the disease progressions. Microbiological testing 17) , analysis of the host response 18) and genetic analyses 19) have been proposed in regard to the multifactorial aspects of the periodontitis. In each test category, polymerase chain reaction (PCR) assay, especially when modified as "real-time" PCR, can be used not only for the detection of specific microorganisms in plaque but also its quantification 20) and the detection of components or the volume of the gingival crevicular fluid (GCF) can be a potential diagnostic marker related to the host response to the periodontal disease 21) .
The purpose of this study was to evaluate the influence of sonic power toothbrush in reduction of gingival inflammation, interleukin-6 and periodontopathogens -Prevotella intermedia, Actinobacillus actinomycetemcomitans -in the periodontal pocket of chronic incipient to moderate periodontitis patients compared with the manual toothbrush group in 12-week follow-up period.
II. MATERIALS AND METHODS

Subjects
The subjects were drawn from the volunteers who visited the Department of Periodontology at the Yonsei University. Written, informed consents were obtained from all volunteers prior to the study which was granted by the Institution Review Board (IRB : Registration One investigator who was blinded to each brush group performed the clinical examinations. Subjects were randomly assigned to each group and the distributions of the age, gender and smoking were similar between these groups ( Table 1) .
Clinical parameters include plaque index (PI; Silness & Löe), gingival index (GI; Löe & Silness) ( Table 2) , bleeding on probing (BOP), pocket probing depth (PPD) and clinical attachment level (CAL). When measuring PI and GI, each tooth were assessed at 4 sites (mesiobuccal, buccal, distobuccal, lingual) and other parameters at 6 sites (mesiobuccal, buccal, distobuccal, mesiolingual, lingual, distolingual) using UNC probe (PCVUNC 12PT, Hu-Friedy, USA).
1) Oral hygiene instructions (OHI)
Subjects were instructed to brush twice a day for 2 minutes each session. Both groups used the same toothpastes (2080 ® , Aekyung, Korea) and interdental cleaning or adjunctive aids were not allowed to use. The subjects in sonic power toothbrush group were given Sonicare Elite ® (Philips Oral Healthcare Inc., Snoqualmie, Washington, USA)( Figure 1 ) and instructed to position the brush head toward the gumline to touch the teeth and gingiva with gentle and slight circular motions. For manual toothbrush group, each subject was taught to use modified Bass technique with Butler #311 multi-tufted manual toothbrush (J.O. Butler Co., Chicago, IL, USA).
2) Examination protocols
At the baseline visit, full mouth examination of PI and GI were done. Among the teeth examined, 3 teeth which had the deepest probing pocket depth were selected as specific sites for further sampling of laboratory workup and BOP, PPD and CAL were measured only at the 3 selected teeth. After the assessments, professional cleaning of scaling and root planning were done. Subsequent visits at the week 1, 4 and 12, all the parameters were measured only at the 3 selected teeth except for the PI and GI which were additionally examined for the whole surfaces at 12-week (Table 3 ).
Laboratory assessment
Cytokine IL-6 of the GCF at 3 selected teeth which had the deepest probing pocket depth was assessed. The site with the deepest PPD in each tooth was chosen and isolated with cotton rolls. After gentle drying with air syringe, 3 paper points (Meta Dental, USA) were inserted at the crevice of each site until mild resistance was felt. They were left for 30 seconds, removed and then stored in a labeled sterile 1.5mL conical tube (Ratiolab ® GmbH, Germany) containing 0.3mL of Hank's buffered salt solution (HBSS 10×, Gibco BRL Invitrogen Co., USA) with 0.5% fetal bovine serum (FBS, Gibco Invitrogen Co., USA). The samples were collected at baseline, 1 and 12-week follow-up and frozen at -20℃ until required for the detection workups. IL-6 concentration in GCF was assayed by commercially available ELIZA kit (Quantikine ® Human IL-6 immunoassay, R&D systems Inc., USA) following instructions supplied by the manufacturer and the cytokine concentration was measured in pg/mL with spectrophotometer at 450nm. Intensity of color developed in each microplate well related to the amount of cytokine and was measured by automated microplate reader (Microplate Manager ® , BMS Co., Korea).
2) Detection of periodontal pathogens
To detect Prevotella intermedia (P. intermedia) and Actinobacillus actinomy-cetemcomitans (A. actinomycetemcomitans) subgingival plaque samples were taken by sterilized curettes at the deepest periodontal pockets of 3 selected teeth, placed in labeled sterile 1.5mL conical tubes containing 1mL of Reduced Transport Fluid (RTF) 22) and stored at -80℃ until detection. 200μL of the sample was used for automated DNA isolation and purification from each tube with the QIAamp ® DNA Mini Kit (QIAGEN Inc., USA) and isolated DNA was eluted in 200μL elution buffer. For quantitative real-time polymerase chain reaction (PCR), TaqMan assay in 16s rRNA gene sequences which were selected from the taxonomy database of the National Center for Biotechnology Information was used. Specially designed PCR primers and probes were selected and checked through the web with the Basic Local Alignment Search Tool program (BLAST ® , NCBI homepage http://ncbi.nlm.nih.gov/blast) for homology with unrelated sequences ( Table 4 ). The total volume of PCR mixture used 45μ L which contained 25μL of Platinum ® Quantitative PCR SuperMix-UDG with ROX master mix (Invitrogen Co., USA), 1μL of The threshold cycle (CT) was obtained at which a significant increase in the reaction product is first detected.
Statistical Analyses
Within each group, mean and standard deviation (S.D.) was measured for each subject for clinical parameters and assessments. To assess the ability of plaque removal at anterior and posterior sites, PI, GI, and BOP were used as the parameters. For 3 selected teeth which had the deepest probing pockets at the baseline examination, PI, GI, BOP, PPD and CAL were used. To compare the difference between baseline and each following period (1, 4 and 12-week) in a group, Wilcoxon signed ranks test was introduced. For the comparison in the Sonicare and the manual group in each time interval, unpaired T-test was done and Repeated measures multivariate analyses of variance (ANOVA) were used to test for time-and device-dependent differences for the clinical assessments between 2 groups over 4 visits. In addition to the clinical data, cytokine IL-6 in GCF and the amount of subgingival pathogens -P. intermedia, A. actinomycetemcomitans -at baseline, 1 and 12-week of the 2 groups were analyzed by the same methods described above.
III. RESULTS -were used to compare between 2 groups in anterior and posterior sites. In PI of anterior regions, there was a significant reduction (p<0.05) in 1, 4 and 12 week compared to baseline in Sonicare group, whereas the difference in manual group did not show any significance. It also showed that the significant reduction of plaque (p<0.05) was shown in the Sonicare group compared to the manual at every follow-up visit. In posterior regions, both of the groups showed statistical differences (p<0.05) in the follow-up period than the baseline and the Sonicare group showed significant reduction (p<0.05) than the manual group. Both in the anterior and posterior regions, statistical significances (p<0.05) were demonstrated for the device and time dependent differences ( Table 5 ). In GI (Table 6 ) and BOP (Table  7) , similar patterns of statistical results were shown. At anterior and posterior regions, both of the groups showed the significant reductions (p<0.05) in the follow-up visit than the baseline and more reduction (p<0.05) was found in the Sonicare group compared to the manual at every visit. No significant differences with baseline at p<0.05 No significant differences between 2 brush groups at p<0.05 Table 13 . Cytokine IL-6 concentration (pg/ml) of the GCF of the 2 groups at each visit : mean score±standard deviation for 3 selected sites 2) Comparisons between the sonic powered toothbrush and the manual toothbrush in 3 selected teeth All parameters -PI, GI, BOP, PPD, CAL -were measured for 3 selected teeth. In the mean values of PI (Table 8 ) and GI (Table  9 ), statistically significant reductions (P<0.05) in 12 week follow-up than baseline were shown at both devices. Sonicare group had more significant decrease (p<0.05) than man-ual at 1, 4 and 12 week and the changes in 2 groups over time also seemed to have significant differences (p<0.05).
Clinical data
For BOP (Table 10) , PPD (Table 11 ) and CAL (Table 12) , there were no significant differences between 2 groups though both had significant reductions (p<0.05) in 12 week follow-up period compared to baseline. In percent change of PPD, Sonicare group showed 18.47±10.05%, while manual group was 14.19±8.16%. In CAL, the percent change of Sonicare group appeared to be 24.26± 12.51%, while manual group showed 15.65±9.92%. The mean cytokine IL-6 concentration values (pg/mL) of 3 selected sites in both groups were measured and during the 12 week period, both groups showed significant differences (p<0.05) from the baseline. There were no significant differences (p<0.05) between two groups, however, the percent change of the Sonicare group (51%) was greater than the manual group (37%) showing the stronger downward tendency in the concentration of IL-6 at the Sonicare group (Table 13) .
Laboratory assessment data
2) Subgingival Plaque Pathogen Detection
The threshold cycles (CT value) of P. intermedia (Table 14 ) and A. actinomycetemcomitans (Table 15 ) in baseline, 1 and 12
week of both groups were measured and there were no statistical differences found in follow-up visit from baseline value or between two groups.
IV. DISCUSSION
There are several studies trying to Figure out the efficacy of electric toothbrushes on the plaque removal and gingivitis [23] [24] [25] using the clinical parameters like plaque (PI), gingival index (GI) and bleeding on probing (BOP) and more recently, investigators looked at the effects on the chronic periodontitis for which other parameters such as probing pocket depth (PPD) or clinical attachment level (CAL) are needed to be involved 9, 26, 27) . These parameters are classical gold standards to diagnose the periodontal disease in severity but have the limitations to show the disease activity or to monitor the sites and subjects at the risk of progression 28) . From this point of view, evaluations in the effects of the Sonicare Elite ® on the chronic incipient to moderate periodontitis were prepared not only by the clinical parameters mentioned above but also by the laboratory tests detecting cytokine interleukine-6 in gingival crevicular fluid (GCF) and periodontopathogens in quantitative real-time polymerase chain reaction (PCR) assay in the present study.
For clinical effects in hard-to-reach sites, whole dentition of each subject was divided into anterior and posterior site. PI, GI and BOP of both devices (Sonicare and manual toothbrush) showed significant improvements in the 12 week interval except for the PI in anterior region which had the tendency but not significantly improved. In comparison of the BOP between anterior and posterior site, statistical decrease was found only at the posterior region during 12 week. When the parameters were measured for the selected sites PI and GI consistently showed better results in Sonicare group in the following visits though no significant differences between the devices were shown for BOP, PPD and CAL. The measurements for 3 selected teeth merely represented the deepest pocketing sites and had the limitations to show the effect for whole dentition however, descriptive statistics in percent change reduction between baseline and 12 week indicated that there was a tendency for the Sonicare group to show greater improvement in CAL than the manual group. The clinical result of this study suggest the superiority in the electric toothbrush group and confirm the findings of Johnson and McInnes [29] [30] [31] who also compared the ability to remove plaque of Sonicare with the manual group. There are several other studies which are in agreement mentioned above using various kinds of action modes in electric brushes such as counter-rotary brush 23, 25) , reciprocating device 25) and circular brush with rotating and oscillating motion 24) .
Biochemical inflammatory changes of cytokine IL-6 were detected in the Sonicare group during 12 week interval to measure the resolution of inflammation and significant reduction in the follow-up period. As the periodontal disease is initiated and progressed by presence of elevated levels of pathogenic bacteria within gingival crevice [32] [33] [34] and resulted from an imbalance in host protective and destructive mechanisms by an infectious process 21, 35) , methods using host response analysis or microbial tests might be considered. Gingival crevicular flu-id (GCF), an inflammatory exudate composed of serum, tissue breakdown products, inflammatory mediators and antibodies against dental plaque bacteria that seeps into gingival crevices or periodontal pockets, is suggested as a potential diagnostic tool for quantitative evaluation of inflammatory status by detecting its volume and the components and also as possible markers for the progression of periodontitis 28) . Local imbalance of the inflammatory mediator cytokine in GCF and an increase in the concentration of interleukin-1 beta (IL-1ß) and interleukin-6 (IL-6) can significantly indicate or predict disease activity at a site. In microbiologic tests, real-time polymerization chain reaction (PCR) is known as a highly sensitive method in detecting not only the specific microorganism but also its quantification 20) . Synthesized 16S rRNA probes that are highly specific to individual species make it possible to detect any organisms in the plaque sample and in this study Prevotella intermedia (P. intermedia) and Actinobacillus actinomycetemcomitans (A. actinomycetemcomitans) were used. They are putative periodontopathogenic microorganisms and the amount is assessed by the threshold cycle (CT). When dissociation curves for the amplicons were generated after each run in real-time PCR, increased fluorescent signal is associated with an exponential growth of PCR product during the linear-log phase and the cycle at which a significant increase in the reaction product is first detected appears as CT. The higher the initial amount of DNA, the sooner accumulated product is detected in the PCR process and the lower the CT value 36) . There are some studies considering the ability of the electric toothbrush to remove subgingival bacterial plaque by indirect effect of hydrodynamics 15) suggested that the fluid forces lift and disperse subgingival bacteria which is 3~4mm beyond the mechanical reach of the bristles and in vitro study of McInnes et al. [30] [31] [32] , there had been ideas that structural and metabolic effects on oral bacteria by the low-amplitude acoustic energy might retard the plaque formation. In this study reduction in the amount of the two microorganisms did not show the significant difference and this might be due to the plaque sampling technique which had the limitation in standardization and to associate with wide standard deviation. Furthermore, some of the errors in the sampling procedures that the study sites over 4mm which might have been away from the reach of the direct or indirect effect of the electric toothbrush were included. It is also important to be aware of the fact that each pocket has somewhat unique microbiological profile and the sample from a diseased site may not be a representative to whole dentition or even of other diseased sites. Actinobacillus actinomycetemcomitans, one that was involved in our study, is infrequently detected microorganism and its presence sometimes might not be shown even in the sampling of numerous diseased sites [33] [34] . Unfortunately, usage of GCF and real-time PCR in order to add the more precise detection and information of gingival inflammation did not work well due to the limitations mentioned above and technical improvements in laboratory test is needed.
In spite of the limitations, the results in the present study still showed the conclusion that the Sonicare toothbrush had a significant effect in the improvement of plaque removal and gingival inflammation in chronic incipient to moderate periodontitis.
V. CONCLUSION
Both of the Sonicare and manual
groups demonstrated significant reductions (p<0.05) in the clinical parameters of gingival inflammation (plaque index, gingival index, bleeding on probing) during 12 week period and the Sonicare showed more statistical significance (p<0.05) than the manual group. 2. In posterior region, bleeding on probing of the Sonicare group showed a statistically significant (p<0.05) reduction during 12 week period. 3. At 3 selected teeth which had the deepest pocket, probing pocket depth and clinical attachment level showed significant reductions (p<0.05) than baseline in both of the groups. In the percent change of each parameter, probing pocket depth appeared to be 18.47±10.05% for the Sonicare, 14.19±8.16% for the manual and clinical attachment level showed 24.26±
12.51% at the Sonicare compared to 15.65±9.92% at the manual group. There were no statistically significant differences between two groups. 4. IL-6 concentrations of GCF in both groups showed statistically significant reductions (p<0.05) at 12 week interval. The percent change of Sonicare appeared to be 51% and the manual to be 37%, but there were no significant differences between the groups.
5.
In detection of Prevotella intermedia and Actinobacillus actinomycetemcomitans, there was no significant reduction of amount at either manual or Sonicare group.
In this study, the Sonicare toothbrush had a significant influence in the reduction of plaque removal, gingival inflammation and clinical parameters than the manual group and the interleukin-6 of the Sonicare group tended to reduce more in the periodontal pocket of chronic incipient to moderate periodontitis.
